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METHOD OF INCREASING pH OF HIGH-DENSITY BRINES 

Cross-Reference to Related Application 
[0001] This application claims the benefit of U.S. Provisional Application No. 
5 60/305,036 filed July 1 1 . 2001 . 

Field of the Invention 
[0002] The instant invention relates to brine fluids, such as those used in 
recovering hydrocartDons, and more particulariy relates, in one embodiment, to 
1 0 high-density brine fluids with improved conx>sion resistance. 

Background of the Invention 
[0003] High-density brine fluids are known to be applied In situations where con- 
trol of pressure in a well is needed. Many different soluble salts may be used to 

15 achieve the desired density of the aqueous solution. The more common salts used 
include, but are not necessarily limited to, chloride and/or bromide salts of the fol- 
lowing cations: sodium, potassium, calcium and zinc. These salts impart density to 
the aqueous fluid by dissolving in the medium. A high-density fluid may be under- 
stood as one of greater than about 8.4 pounds/gallon (1 .0 kg/I) density, preferably 

20 from about 8.4 to about 22.5 lbs/gal. (1 .0-2.7 kg/I), most preferably fi-om about 9.0 
to about 22.0 lbs/gal. (1.1-2.6 kg/I). 

[0004] The density of these solutions made by dissolving these salts in water is 
limited by the molecular weight and the solubility of that salt. Zinc is a prefenred 
cation. Zinc salts are desired as components of high-density brines because of 

25 their relatively high molecular weight and great solubility in water. 

[0005] Brines, including zinc-containing brines, have low pH in aqueous solutions 
inherently. The acid content of these fluids give the brines undesirable characteris- 
tics, one of the greatest of which are high corrosion losses that limit the uses and 
applications of these fluids. 

30 [0006] A method and composition that would overcome some of the problems in 
the conventional brines, particulariy high-density brines, would be desirable. 

1 



2 



Summary of the Invention 
[0007] An object of the present invention is to provide a method to raise the plH 
and thus raise the con'osion resistance of high-density brine fluids. 
5 [0008] Another object of the present invention is to provide high-density brines 
having an increased pH and improved con-osion resistance through the employ- 
ment of readily available agents. 

[0009] In carrying out these and other objects of the invention, there is provided, 
in one fonn, a corrosion resistant brine fluid made by a process that involves first 

1 0 providing a brine including water and a source of water-soluble cations where the 
cations include lithium, sodium, potassium, calcium, magnesium, zinc, ammonium, 
cesium, rare earths, and mixtures thereof. Next, an additive that can be a water- 
soluble carbonate powder, water-soluble bicarbonate powder, and mixtures thereof 
is added to the brine. In one non-limiting embodiment, the cation of the carbonate 

15 or bicarbonate may be sodium, potassium, magnesium, ammonium and mixtures 
thereof. The carbonate or bicarbonate is present in an amount effective to raise the 
pH of and decrease the con-osion propensity of the brine. 

Detailed Descriotion of the Invention 
20 [0010] The addition of a water-soluble carbonate and/or water-soluble bicarbo- 
nate to a high-density brine of sufficient salt content, e.g. zinc bromide, has been 
discovered to reduce the acidity of the zinc solution. The carbonates and/or bicar- 
bonates are solid materials and are more conveniently and safely transported and 
added to the brines than are liquids or gases. Preferably, the additives herein are 
25 finely divided solids and/or powders. "Water-soluble" is defined herein as the dis- 
solution of from about 0. 1 wt.% to about 50 wt.% of the salt in question in water 
under ambient conditions. 

[0011] The additive powders as described herein have a broad size range of 
between about 5 to about 500 microns. A preferable lower threshold for the additive 
30 powders is 10 microns, a more preferable lower threshold is 104 microns (140 
mesh), and a most preferable lower threshold is 178 microns (80 mesh). Con- 
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versely, a preferable upper threshold for the additive powders is 450 microns, a 
more preferable upper threshold is 400 microns (40 mesh), and a most preferable 
upper threshold Is 250 microns (60 mesh). It has been surprisingly discovered that 
by introducing the carbonate/bicarbonate additive as a fine powder, particularly in a 
5 controlled manner, that no precipitate is fonned. it is difficult, if not impossible to 
define v^at a "controlled manner' would exactly be since the rate of addition and 
mixing would depend on a number of factors, including, but not necessarily limited 
to, the density of the brine, the nature of the cation used to make the brine, the size 
and nature of the additive powders, the temperature of the brine, and the intenrela- 

1 0 tions of these factors. 

[0012] One having ordinary skill in the art would normally expect the addition of 
the carbonate and/or bicarbonate in solid fonn to precipitate the brine forming cat- 
ion. (For instance, in the non-limiting example of a zinc bromide brine, it would be 
expected that zinc oxide and/or other materials vi/ould precipitate). Without wishing 

15 to be bound by any one theory, it may be that the use of a powder prevents local- 
ized high concentrations of the carbonate and/or bicarbonate additive, where high 
localized concentrations would cause precipitation. In these brine systems, once 
precipitation occurs, it is very difficult to solubilize the precipitate again. High local- 
ized concentrations are believed to be the cause of precipitation when neutralizing 

20 liquid bases are used with these brines. In any case, it has been found that it is 
impossible to stir the high-density brines fast enough when a neutralizing base is 
added in liquid form. 

[0013] Indeed, powders too small, e.g. below 5 microns in size, may dissolve 
sufficiently quickly to result in localized concentrations adequately high enough to 
25 cause precipitation, in one non-limiting embodiment. The use of powders has the 
additional advantage of not including an inert liquid solvent in the product that 
would add to shipping, storage and handling costs. 

[0014] The treated brine fluids may include, but are not necessarily limited to 
packer fluids, completion fluids, v\^rkover fluids, and the like. These fluids are 
30 pumped downhole through a well bore in an operation to recover hydrocarbons 
from a subtenranean formation. Any high-density brine containing salts that cause 
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corrosion problems may be treated with the method of the invention. The method of 
this invention raises the pH of these fluids and thus lowers their acidity and im- 
proves or eliminates their corrosivities. 

[0015] The invention is expected to be useful for any high-density fluid having a 
5 density of greater than about 8.4 pounds/gallon (1 .0 kg/I), preferably firom about 8.4 
to about 22.5 lbs/gal (1 .0-2.7 kg/I), most preferably from about 9.0 to about 22.0 
lbs/gal (1.1-2.6 kg/I) and which has low pH, i.e., which is less than neutral. In one 
non-limiting embodiment of the invention, the density of the high density brine is at 
least about 1 1 lb/gal (1.3 kg/I). The salt in the water to make the brine may be a 

10 chloride, bromide, formate or acetate salt. The salt cations may be lithium, sodium, 
potassium, calcium, magnesium, zinc, ammonium, cesium, and rare earths. Mix- 
tures of salts may also be employed, in fact, such mixtures are common. For in- 
stance, zinc salts are often mixed with calcium salts in a non-limiting embodiment, 
for commercial purposes to reduce the cost of using zinc salts. In one non-limiting 

15 embodiment, zinc sources are preferred, and zinc chloride and zinc bromide are 
particulariy preferred zinc sources. Rare earths have their common definition of one 
or more of a group of 14 chemically related elements in row 6 of the Periodic Table 
ranging from lanthanum to ytterbium, inclusive. In one non-limiting embodiment of 
the invention, the brine may include up to 35 wt.% potassium formate, preferably 

20 from about 0. 1 to about 30 wt.%. 

P)016] The additive may be any suitable water-soluble carbonate or water-solu- 
ble bicarbonate or combination thereof that is effective in increasing the pH of the 
brines in question. In particular, the suitable carbonates and bicarisonates have 
sodium, potassium, magnesium and ammonium as the cations thereto. Cartx)nates 

25 and bicarbonates of different cations may be used together. It will also be appreci- 
ated that the carbonates as defined herein include double salts of hydroxides. Such 
double salts are particulariy formed by alkaline earth metals, e.g. magnesium. 
[0017] While not wishing to be limited to a particular mechanism or explanation 
of how the invention operates, the cari^onates and bicarbonates may be under- 

30 stood as those that are capable of absorbing some of the acid. However, it should 
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be clear that in this invention it is the carbonate ion that is consuming the acid and 
not the cation, such as ammonium ion. 

[0018] As noted, compounds such as sodium, potassium, and/or ammonium car- 
bonate and bicarbonates are solids that dissolve over a relatively short period of 
5 time. The addition of these additives to the brines causes the evolution of carbon 
dioxide gas (C02) that should generally be purged from the brine. In one non-limit- 
ing embodiment of the invention, the carbonate and/or bicarbonate additive should 
be added to the brine just before the point at which precipitation of the zinc (or 
other salt metal) would occur. This precipitation is undesirable. 

10 [0019] Also in a preferred, but non-limiting embodiment, the powdered additive is 
present in a concentration ranging firom about 0.05 moles additive per mole of 
cation {e.g. Zn**) to about 2.0 moles additive per mole of cation, preferably from 
about 0.05 moles additive per mole of cation to about 1.5 moles additive per mole 
of cation. These ranges may be different for cations other than Zn**. In another 

15 non-limiting embodiment of the invention, the amount of additive is from about 0.1 
to 10 based on the amount of water-soluble cation (e.g. zinc or other cation) 
in the brine. Preferably, the amount of additive is from about 0.1 to about 5 wt.%, 
most preferably from about 0.1 to about 0.5 wt.%. Too much of any additive, such 
as ammonia, causes a precipitate, which is undesirable. 

20 [0020] The greater the amount of additive added to the brine, the better the cor- 
rosion properties of the brine will be. However. Increasing proportions of additive 
tends to decrease the stability of the brine. In some instances, as the concentration 
of additive approaches 1% w/w based on the total amount of brine, the solution 
may begin to precipitate depending upon a number of complex, intenrelated factors. 

25 The degree of precipitation is directly proportional to the amount of additive added. 
This precipitation results in loss of density, which reduces its utility. 
[0021] The lower acidity achieved by the invention may result from simple acid- 
base neutralization, or may possibly arise finom additive forming complexes with 
zinc (or other water-soluble cation) suppressing the hydrolysis of the complexed 

30 water molecules. However, it will be understood that the invention is not limited to 
any particular explanation of the mechanism by which it might work. 
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[0022] The method and additives of this invention are useful to inhibit the con-o- 
sion of Iron-based metals and alloys such as steels. The additives and methods of 
the present invention would also be expected to be effective in inhibiting the corro- 
sion of low alloy steels, carbon steels, stainless steels, nickel-based alloys, and the 
5 like. The conrosion of copper alloys may also be inhibited by the compositions and 
methods of this Invention, but there is a possibility that nitrogen-containing materi- 
als may cause undesired cracking in copper alloys. 

[0023] Using the compositions and methods of this invention, corrosion rates 
with N-80 steel may be reduced by two orders of magnitude and more in compari- 

1 0 son with conrosion rates in conventional zinc-based brine of the same density. It is 
further expected that the thermal stability of viscosifiers in zInc-brine-based brines 
should be enhanced signifrcantly. Suitable viscosifiers include, but are not neces- 
sarily limited to, for example, polysaccharides and viscoelastic surfactants. Low pH 
^brines reacts vt/ith the polysaccharide by acid hydrolysis of the polymer linkages, 

1 5 which thus undesirably reduces the viscosity and stability of the fluid. 

[0024] Conventional drilling and/or completion fluid additives may, of course, be 
employed in the brine fluids of this invention, including, but not necessarily limited 
to, wetting agents, viscosifiers, suspending agents, weighting agents, shale stabi- 
lizers, filtration control additives, anti-balling additives, lubricants, seepage control 

20 additives, lost circulation additives, conrosion inhibitors, alkalinity control additives, 
thinners, dispersants. and the like. 

[0025] Optionally, one or more conventional corrosion inhibitors may be used in 
the brines of this invention to further improve their corrosion properties. In another 
non-limiting embodiment of the invention, the additives are used in the absence of 
25 other, added corrosion inhibitors. For yet another non-limiting embodiment of the 
invention, the additives are used in the absence of an added Group VB metal (pre- 
vious lUPAC notation), and particulariy in the absence of added arsenic. 
[0026] The invention is further illustrated by the following Examples, which are 
only meant to further illuminate the invention and not limit it in any way. 

30 
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Examples 1-2 

[0027] Brine solutions containing various amounts of soluble sodium carix)nates 
or blcart)onates were prepared. These solutions were prepared by vigorously stir- 
ring a high-density brine solution to which had been added a powdered carix)nate 
5 or bicartsonate. The resultant solution is purged with nitrogen to remove dissolved 
carijon dioxide gas. The resultant solutions were tested at SSCF (177°C) for 24 
hours on N-80 tubing steel, as shown in Table I. 



TABLE I 

Raising oH and Corrosion Resistance Using Sodium Bicarbonate 



Initial fluid density, 
lb/gal (kg/m^) 

19.7 (2.36 X 10^) 

19.7(2.36x10^) 



EH! Additive 
5.87 None 
6.70 DKI-13^ 



Resultant density, 
Ib/oal (kQlm^) 

19.7 (2.36x10^) 

19.6 (2.35x10^) 



Con^osion losses, 
lbs/ft^ (kg/m^) 

0.067 (0.33) 

0.030 (0.15) 



[0028] It will be appreciated that using the indicated level of additive in accor- 
dance with this invention that the conrosion rate of the high-density brine of these 
Examples was reduced by about half. 

15 

[0029] In the foregoing specification, the invention has been described with refer- 
ence to specific embodiments thereof, and has been demonstrated as effective in 
providing brine fluids having increased pH and corrosion resistance with little 
decrease in density. However, it will be evident that various modifications and 

20 changes can be made thereto without departing from the broader spirit or scope of 
the invention as set forth in the appended claims. Accordingly, the specification is 
to be regarded in an illustrative rather than a restrictive sense. For example, spe- 
cific combinations of brines, specifically salts and additives, in other, proportions or 
added in different ways, falling within the claimed parameters, but not spedficaliy 

25 identified or tried in a particular composition to improve the brines herein, are 

^ pH was d termined in a 1 to 100 diluted solution of the brine in distilled water. 
^ DKl-13 is sodium bicarbonate in powder form. 
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anticipated to be within the scope of this invention. Further, highly porous granules 
of carbonates and bicarbonates with relatively large surface areas that dissolve at 
the same rates as the powders described herein are also within the scope of this 
invention, even though their nominal diameters may be outside some of the ranges 
described. 
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